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p ,' Abstract 



We explore the potential of the Next Linear Collider (NLC), operating in 

the e7 mode, to disentangle new physics scenarios on single W production. 

We study the effects related with the exchange of composite fermion in the 

reaction ej — > Wv e , and compare with those arising from trilinear gauge 

boson anomalous couplings. We stress the role played by the initial state 

polarization to increase the reach of this machine and to discriminate the 

possible origin of the new phenomena. 
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I. INTRODUCTION 



The Standard Model (SM) of the electroweak interactions has received a striking confir- 
mation of its predictions after the recent set of precise measurements made by CERN Large 
Electron-Positron Collider (LEP) M. In particular, the properties of the neutral weak boson 
and its couplings with fermions were established with great precision. However, we still lack 
the same confidence on other sectors of the SM, like the self-couplings among the vector 
bosons, which is determined by the non-abelian gauge structure of the theory. Moreover, 
the SM does not furnish any reasonable explanation for the replication of fermionic families 
and their pattern of mass. 

In the search for an explanation for the fermionic generations, we face theories where 
the known particles (leptons, quarks, and gauge bosons) are composite ||, and share com- 
mon constituents. In this case, the SM should be seen as the low energy limit of a more 
fundamental theory, whose main feature would be the existence of excited states, with mass 
below or of the order of some large mass scale A. 

Searches for composite states have been carried out by several collaborations of the 
CERN LEP collider @, and also from DESY electron-proton collider, HERA 0. Recent 
data from LEP experiments have excluded excited spin-| electrons with mass up to 80 
GeV from the pair production search, and up to 160 GeV from direct single production, 
for a scale of compositeness f/A> 0.7 TeV -1 (see below). HERA experiments are able to 
exclude excited electrons with mass below 200 GeV for //A > 4.9 TeV" 1 . Bounds on excited 
electron couplings have also been established through the evaluation of radiative corrections 
to Z° width at one-loop level |J. On the theoretical side, there have been extensive studies 
on the possibility of unravelling the existence of excited fermions in pp |||7j, e + e~ fl7Hi"l"| , 
and ep []9|JT~Qf] collisions at higher energies. 

As pointed out above, another possible source of deviation from the SM predictions, 
that is still allowed by experimental results, is the existence of anomalous vector boson 
self-interactions. Our knowledge of the structure of the trilinear couplings between gauge 
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bosons remains rather poor despite several experimental efforts [12]. One of the main goals 



of LEPII collider at CERN will be the study of the reaction e + e — > W + W which will 



furnish stronger bounds on possible anomalous W + W~"f and W + W~Z interactions fllB" 
There exist in the literature several theoretical studies on the probes for these anomalous 
interactions on future e + e~ [0,0 and pp []TB| colliders. 



An important tool for the search of new physics will be the Next Linear Collider (NLC), 
an e + e~ collider that will have a center-of-mass energy of at least 500 GeV with an integrated 
luminosity around 50 ftr 1 ]17|. At NLC, it will be possible to obtain a high energy photon 



beam via the Compton scattering of a laser off the electron beam ||18yi9|| . The so called laser 
backscattering mechanism will permit to obtain reactions initiated by either e + e~, ej, or 
77 at NLC. 

Of particular interest in the search for both excited fermions and anomalous gauge boson 
self-interactions is the e7 mode of NLC. Through this scattering it is possible, for instance, 
to search for new excited charged leptons as s-channel resonances ||11|| . Moreover, it has also 
been demonstrated by several authors [HJ] that single W production at the NLC operating 
on its e7 mode is an ideal channel for searching for deviations from the SM in the gauge 
self-coupling sector. 

In this work we analyze the deviations from the SM predictions for the reactions — > 
Wu e at yfsTe = 500 GeV due to the exchange of excited spin-| fermions, and compare with 
deviations arising from anomalous trilinear couplings between the gauge bosons. We make a 
detailed study of the experimental signatures of excited fermions and anomalous couplings, 
exploiting the possibility of polarizing both the electron and laser beams and we design 
the best strategy to identify the origin of the signal. Our results show that this reaction 
furnishes stronger limits than the standard reaction ej — ► ej for excited electrons above the 
kinematical limit. Furthermore, even when the excited electron does not couple to photons, 
and therefore cannot be produce in the s-channel, the existence of the corresponding excited 
neutrino can be detected in the single W production, via its t-channel contribution. We 
also show how the use of polarization allows the discrimination between the excited lepton 



signal and the one due to the anomalous trilinear gauge couplings. 

The outline of this paper is the following. In Sec. [H], we introduce the effective La- 
grangians describing the excited fermion and anomalous gauge bosons couplings, and in 
Sec. [TTT] we present the main ingredients of the laser backscattering mechanism with polar- 
ized beams. Section [TV] contains the analysis of the reaction e'j — > Wv e and displays our 
results. Finally, in Sec. |V|, we summarize our conclusions. 



II. EFFECTIVE LAGRANGIANS 

In order to describe the effects of new physics due both to the presence of new excited 
leptons and to anomalous trilinear couplings we make use of the effective Lagrangian ap- 
proach. For the excited states, we concentrate here in a specific model U, which has been 
extensively used by several experimental collaborations |3],|J. In doing so, we introduce the 
weak doublets, for the usual left-handed fermion (ipi) and for the excited fermions and 
we write the most general dimension-five effective Lagrangian describing the coupling of the 
excited fermions to the usual fermions, which is SU(2) x U(l) invariant and CP conserving, 



Cf, = 2^*^ [9fjW; v + g'f'^B^ ) V> L + h. c, (1) 



where / and /' are weight factors associated to the SU(2) and U(l) coupling constants (g 
and g'), with A being the compositeness scale, and a^ v = (i/2)[7 M , j v ]. We will assume a 
pure left-handed structure for these couplings in order to comply with the strong bounds 



coming from the measurement of the anomalous magnetic moment of leptons |20 
In terms of the physical fields, the Lagrangian (|1|) becomes 

£pf = - E CvpfFa^O- ~ 75)/^K + h. c. , (2) 

V=-y,Z,W 

where F = N,E are the excited leptons, / = u, e, and CVf/ is the coupling of the vector 
boson with the different fermions, 

6 6 

C 7 Ee = ~jr(f + f) , C Z Ee = ~jt( foot 9 W - f tan 9 W ) , 



6 6 

CjNu = — r (/ - / ) , C ZjV „ = — - (/ cot 9 W + /' tan 6> w ) , 

g 

CVei, = CViVe = - /= . — -/ , (3) 

2v2sm W A 
where 6w is the weak angle with tan^ = g'/g. 

For the trilinear gauge coupling, we also write the most general C and P conserving 
interaction Lagrangian between the charged gauge bosons and the photon, that is U(l) em 



invariant 21 



C = —ie 



(4) 



For on-shell photons, gj = 1 is fixed by electromagnetic gauge invariance since it deter- 
mines the W electric charge. The coefficients k(X) assumes the values 1(0) in the SM, and 
are related to the magnetic moment, fiw, and the electric quadrupole moment, Qw, of the 
W boson, according to 

6 6 

= itti-(± + ^ + \) and Q w = -— t (k 1 - A 7 ) . 
ZM W M w 

In this paper, we are interested in analyzing the influence of both excited fermion and 
anomalous vector boson coupling in the reaction &f — > Wv e . The contributions of these new 
particles and interactions are represented in Fig. |l]as double lines and black dot, respectively. 

III. POLARIZED LASER BACKSCATTERING 

The electron beam of a linear collider can be transformed into a intense photon beam 
via the process of laser backscattering [p|. The basis of this mechanism lay on the fact 
that Compton scattering of energetic electrons by soft laser photons results into high energy 
photons, collimated in the direction of the incident electron. 

The backscattered photon distribution function for polarized electron and laser beams 
can be written [[OJ as 



2 



F(x,C;P e ,Pi) 



2na 
^m 2 a c 



1 



1 — x 



+ l-x- 4r(l - r) - P e P { r ( (2r - 1)(2 - x) 



(5) 



where P e is the mean electron longitudinal polarization, Pi is the laser photon circular 
polarization, and a c is the Compton cross section, which can be written as, 



a c = a° c + P e P { o\ 



(6) 



with 
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c cV l,l(c + 1) + 2 1 c 2 (c + i) 2 
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£m 2 

We have defined the variables 



1 + -J ln(C + l) 



+ 



C + i 2(c + i) 2 J 



(7) 



X= E 



c 



x 



(8) 



m? Q(l — x) 

where m and E are the electron mass and energy, u is the laser energy and uj is the 
backscattered photon energy. The variable x < x max = C/(C+ 1) represents the fraction of 
the electron energy carried by the backscattered photon. A cut-off value £ = 2(1 + \/2) ~ 
4.83 is assumed in order to avoid the threshold for electron-positron pair creation through the 
interaction of the laser and the backscattered photons. The backscattered photon spectrum 
(H) depends only on the product P e Pi, and as can be seen from Fig. ||]a, for negative values 
of this product the spectrum is dominated by hard photons. 

A very powerful feature of the Compton backscattering mechanism is the possibility 
of obtaining a high degree of polarization for the backscattered photons by polarizing the 
incoming electron and the laser beams. The mean backscattered photon helicity is given by 
the Stokes parameter 



l + (l-x)(2r-iy 



Pi(2r 



1 



.1 — x 



+ 1 - X 



(9) 



where 



D 



1 



+ 1 - x - 4r (1 - r) - P e Pi r ( (2r - 1) (2 - x) 



(10) 



1 — x 

For x = x m ax {ox r = 1) and P e = or Pi = ±1, we have £2 = —Pi, i-e. the polarization 
of the backscattered photon beam has the opposite value of the laser polarization. One can 
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also see that for x = £/(C + 2) (or r = 1/2) the Stokes parameter £ 2 is independent of the 
laser polarization (see Fig. 0b), and is given by 

t(r=l/2) _ p C(C + 2) . . 

?2 " ^ e C(C + 2)+4 • (U) 

The cross section for the reaction je — > X in an electron-positron linear collider where 
the positron beam, with longitudinal polarization P p , is converted into a backscattered 
photon beam, is given by 

d<rp e to he -> X) = « f roM P(x, C; P P , P) (e7 -> *) , (12) 

where « is the efficiency of the laser conversion of the electrons into photons and dap e ^ 2 is 
the polarized cross section for the subprocess 'je — > X, which is a function of s = xs. In our 
calculation we assume that 100 % of the electrons are converted into photons (k=1). 
The polarized subprocess cross section can be written as 

d£p.& = 4 [C 1 + p e6) (^++ + do-__) + (P e + 6) (^++ " d<7__) 

+ (1 - P e 6) (da + _ + da_+) + (P e - f 2 ) (da + _ - d<7_+)] , (13) 

with do"A e A 7 (A e ( 7 ) = ±1) being the polarized subprocess cross section for full electron and 
photon polarization, P e is the longitudinal polarization of the electron beam, and the Stokes 
parameter, £ 2 , is given in Eq. (0). 



IV. RESULTS 

A. Excited Fermions Signature 

The standard mechanism to establish the existence of an excited electron with mass 
below the kinematical reach of the ey machine is the identification of the Breit-Wigner 
profile in the e'j invariant mass distribution of the process e-f — > c-f ||11|| . This is obviously 
only possible when the excited electron couples to the photon, i.e, / ^ —f [see Eq. (|3|)]. 
On the other hand, the reaction ej —>■ Wv e is sensitive both to the exchange of the excited 
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electron in the s-channel and to the exchange of the excited neutrino in the t-channel 
(see Fig. [1]). The characteristic signature of the excited leptons will therefore depend on 
the excited fermion mass and on the relative weight of the s-channel versus the t-channel 
contribution or, in other words, the relative sizes of / and /'. 

As in the reaction — > ej, the existence of an excited electron with nonvanishing 
coupling to the photon and with mass below the kinematical reach of the collider, can 
also be easily identified in the reaction — > Wv e but now through the study of the W 
transverse momentum distribution, da/dpr- For illustration, we present in Fig. ||] the pt 
distribution of W produced in the reaction — > Wv e , for Me = 350 GeV at an e + e~ 
collider with y/s = 500 GeV. We introduced a cut in the polar angle (9) of the detectable 
final state particles with the beam pipe of 15° to ensure their detection. We also assumed a 
reconstruction efficiency of 60% for the produced If' s. As expected, the existence of excited 
states with mass below the kinematical reach of the collider provides an very clear signal, 
the jacobian peak at pt ~ Me/2. This situation will be no longer considered here, since our 
main concern is the possibility of misidentification of new physics effects on the NLC, and in 
this scenario, the existence of excited fermions can easily be set apart from the anomalous 
vector boson contribution. 

For excited leptons above the kinematical limit of the collider we still find an enhancement 
on the total cross section due to the s-channel contribution. We also find an effect in the 
distribution of the produced W. We simulated these distributions for Me = A = 500 GeV 
and / = /'. We present on Fig. f| the transverse momentum distribution, and the angle 
between the W and the electron beam direction for unpolarized beams. As we can see, the 
existence of excited fermions would lead to an enhancement of W production at large pr, 
which reflects the tail of the jacobian peak. In the angular distribution of the W the effect 
of composition is very small. 

The process mediated by the exchange in the t-channel of excited neutrinos coupled 
to photons, takes place when / ^ /', and gives a much smaller effect. This process is 
particularly interesting in the extreme situation when / = — /' since, in this case, C^Ee 
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vanishes, and just the t-channel diagram contributes. This contribution gives rise to a 
destructive interference which diminishes the total W yield, without altering the shape of 



In order to quantify the reach of an cy collider to search for new physics, we defined the 
statistical significance of the signal (S) as 



where cr new (osm) is the total cross section for new physics (Standard Model) contributions, 
and £ ee is the integrated luminosity of the machine. We will assume C ee = 50 pb^ 1 for the 
NLC. We impose the polar angle of all detectable final particles with the beam pipe to be 
smaller than 15° (| cos#| < 0.97), in order to ensure that the event is well within the detector 
volume. With this requirement, we assumed that 60% of the produced W's can be properly 
reconstructed. 

In Fig. |6|, we show the discovery limits for the composite state in the A x Me plane 
for both e7 and Wv e final states, requiring a 3a effect in the total cross. As we can see, 
for unpolarized photons, the eW channel furnishes stronger limits than the ej channel 
which suffers from large background from Compton scattering. However an excess in the cy 
production is a definite signal of compositeness, since there is no contribution of anomalous 
couplings in this channel. Moreover, as mentioned above, if the weight factors / and /' are 
such that / = — /', the signal of composition on the ej production will disappear completely, 
but survive on single W production through the exchange of a neutral composite fermion on 
the i— channel. The observability limit of the NLC for such neutral states is shown in Fig. [7]. 

Polarization can be used to improve the discovery region in the A x M plane through 
the enhancement of the luminosity and the cross section. The photon distribution functions 
assume approximately the same value at x = £/(£+2) ~ 0.71, even for different polarization 
configurations of the initial particles (see Fig. fig:lback). In the interval < x < x, the 
luminosity is higher for P V P\ > 0, whereas for the range x > x the distribution with P V P\ < 
dominates. Therefore, in order to search for excited electrons with mass above Me = \fx~s, 



the transverse momentum and angular distributions in a significant way (see Fig. [5]). 




(14) 
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we should employ the polarization configurations of the positron and the laser in such a way 
that PpPi < 0. The degree of circular polarization of the scattered photon, £ 2) has the same 
sign as the positron polarization in the region of interest. Because of the chiral nature of the 
weak interactions, just left-hand electrons will produce W's, and therefore, only electrons 
and photons with negative helicity contribute to the exchange of an excited electron in the 
s-channel. In consequence, the best choice of the polarization parameters for this case is 
to set electron and positron beams with negative polarization, while the laser is set with 
positive polarization. We assume that a 90% of beam polarization is achievable at the NLC 
and that the laser can be 100% polarized (i.e. P e - = P e + = —0.9, and Pi = 1). With this 
setup the discovery region can be enlarged as much as shown on Fig. |6|. 

Things change when we are dealing with the process involving the excited neutrino. As 
before, just left-handed electrons will participate in the reaction and again one must choose 
Per < 0, but now the photon line is attached to the final state neutrino, and consequently, 
just the positive helicity photons couple to the fermionic line. According to the discussion 
above, to obtain a highly energetic and positively polarized photon beam, we must set the 
positron beam with positive polarization (P e + = 0.9) and the laser with negative polarization 
(Pi = —1). However, one must also notice that in this process, by setting the positron and 
laser with positive polarization, one achieves to have most of the photons with positive 
helicity (except the very high energy ones) while reducing the SM background from the 
diagram with self boson interaction. Due to this reduction in the SM background, this 
configuration with P e - = —P e + = —0.9 and Pi = 1 proves to furnish better limits as can be 
seen in Fig. [7|. 

B. Anomalous Gauge Boson Couplings: Comparison 

Let us now examine the consequences of the existence of trilinear anomalous couplings 
in the single W production. In order to make clear the effect of each of the two possible 
anomalous couplings (Ak 7 and A 7 ), we envisaged two distinct scenarios, by keeping just 
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one of them different from zero at a time. In Fig. |8|, we show the angular and transverse 
momentum distributions for different values of Ak 7 = 1 — k 7 while keeping A 7 = 0. We 
can see from these figures that the only effect of varying Ak 7 is to increase or decrease the 
total cross section depending on its sign, while producing small effect on the shape of the 
distributions. The number of observed events is larger (smaller) than the SM expectation 
for Ak 7 > (Ak 7 < 0). 

Conversely, in Fig. ||, we show the angular and transverse momentum distributions for 
varying A 7 while keeping Ak 7 = 0. We can see in these figures that the cross section is 
always larger than the SM prediction for any sign of the coupling A 7 . The presence of 
a nonvanishing A 7 also increases the number of W's produced in the central and forward 
direction and of those produced with high p?. 

Polarization has also proven to be very useful to unravel the existence of anomalous 
couplings and the discovery limits for anomalous couplings have been extensively covered 



elsewhere |T5[ . In what follows we will concentrate on the possibility of distinguishing these 
effects from those arising from the existence of the excited leptons. 

Let us now figure out the different scenarios we can face when the NLC starts its op- 
eration. It will probably start on its unpolarized mode, in order to be as "democratic" as 
possible to discover new physics. The first observable that the accumulated statistics will 
permit to measure is the total cross section. From what we saw above, the effect of new 
physics can either increase or decrease the total W production. 

If the number of produced Ws is greater than expected, one should just look into the 
cy events that will be produced at the same time. As we saw, in the framework where 
composition leads to an enhancement on the total single W cross section, the cy channel is 
also very sensitive to the presence of excited leptons. An increase in the ej cross section 
would indicate that the excess of W is due to the existence of an excited electron. If no 
excess is seen in the ej channel, likelihood fittings to the angular and transverse momentum 
distributions will be able to determine the anomalous coupling parameters leading to such 
deviations. 
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On the other hand, if the total cross section is smaller than predicted by the SM, two 
possibilities remain: (i) the trilinear coupling is anomalous with the value of A« 7 < 0, or, 
(ii) the excited neutrino exists, and its gauge structure is such that / ~ — /'. To distinguish 
these two possibilities, we define the polarization asymmetry 

Aa + _-Aa_ + 

A ^ = Aa + _ + Aa_ + (15) 

where, for instance, 

Aa+_ = al M - a° b _! (16) 

measures the deviation from the SM prediction when the positron and laser polarizations are 
set P e + = 0.9 and Pi = —1, always keeping P e - = —0.9. Correspondingly, Aa_ + quantifies 
the deviation for the SM prediction for P e + = —0.9 and Pi = 1. 

In Fig. [LC], we plot A po \ for the two type of models here considered. As seen in this 
figure the asymmetry due to the presence of anomalous trilinear gauge couplings A 7 = and 
Ak 7 < is always negative and very small. On the contrary, the presence of excited neutrinos 
would yield a larger positive asymmetry. This is understood because photons with both 
polarizations contribute to the anomalous Ak 7 term, while only positive helicity photons 
enter in the excited neutrino contribution. Therefore in both configurations the reduction 
in the cross section due to the negative Ak 7 is of the same order and the corresponding 
asymmetry is small. However in the configuration (H — ), since most of the high energy 
photons have positive helicity, the effect of the excited neutrino contribution is enhanced 

and the destructive interference is larger. Consequently, Acr H ^> Aa |_ what gives a 

positive and larger asymmetry. 

V. CONCLUSION 

In this work, we have studied the deviations from the SM predictions for the reactions 
e7 — > Wu e at J~s^ e = 500 GeV due to two possible sources of new physics. We have analyzed 
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the effect associated with the existence of excited spin-^ fermions, and we have compared 
them to those arising from anomalous trilinear couplings between the gauge bosons. We 
have discussed how the use of polarization can improve the reach of the machine in the 
search for excited fermions. Our results show that this reaction can furnish stronger limits 
than the standard reaction &y — > for excited electrons above the kinematical limit. We 
have shown how, by setting up the electron, positron, and laser polarizations, we can be 
sensitive to scales, A, up to 9 TeV, which is twice the bound obtained just with unpolarized 
beams. Our results show that excited electrons coupling to photons with strength e can be 
ruled out for M E < 1 TeV. Also, the simultaneous analysis of both and Wu e channels 
allows to discriminate the excited electron signature from the one due to the presence of 
anomalous trilinear gauge couplings which would lead to the same increase in the total W 
yield. 

Single W production is also the main channel to look for excited neutrinos when the 
corresponding excited electron does not couple to photons. In this case, we get a reduction in 
the number of events, as compared to the SM prediction, due to the destructive interference 
between the SM contribution and the one due to the exchange of the excited neutrino in the 
i-channel. This reduction is significative enough to rule out excited neutrinos with M N < 1 
TeV. Anomalous trilinear couplings with very small A 7 and Ak 7 < would also lead to a 
decrease in the number of events which could fake the existence of a excited neutrino. For 
this case we have introduced a polarization asymmetry which is sensitive to the origin of the 
deviation. 
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FIGURES 




fermions (double lines) and anomalous vector boson coupling (black dot). 
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FIG. 2. Photon energy distribution and the circular polarization distribution as function of the 
subprocess energy, for different polarization configurations of the electron and laser photon. 
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FIG. 3. Tranverse momentum distribution of W bosons in presence of an excited electron with 
Me = 350 GeV, compared to the SM prediction, for / = /' = 1, and A = 1 TeV. 
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FIG. 4. W boson kinematical distributions in the presence of composite states, compared to 
the SM predictions, for / = /' = 1, and M E = A = 500 GeV. 
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FIG. 5. The same as Fig. |, for f = f = -1, and M N = A = 300 GeV. 
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FIG. 6. Discovery contour for f = f = 1. Inside the shaded regions the deviations from SM 
are greater 3a. We excluded the unphysical region where A < Me- 
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FIG. 7. Discovery contour for composite neutrinos, for / = — /'. Inside the shaded regions, 
deviations from SM are greater then 3cr. We excluded the unphysical region where A < Afjy. 
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FIG. 8. Effects of a variation on Ak 7 in W kinematical distributions, compared with the 
Standard Model (Ak 7 = 0). 
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